Hyaluronic acid (HA) has long been studied in diverse applications. It is a naturally occurring linear polysaccharide in a family of unbranched glycosaminoglycans, which consists of repeating di-saccharide units of N-acetyl-Dglucosamine and D-glucuronic acid. It is almost ubiquitous in humans and other vertebrates, where it participates in many key processes, including cell signaling, tissue regeneration, wound healing, morphogenesis, matrix organization, and pathobiology. HA is biocompatible, biodegradable, muco-adhesive, hygroscopic, and viscoelastic. These unique physico-chemical properties have been exploited for several medicinal purposes, including recent uses in the adjuvant treatment for chronic inflammatory disease and to reduce pain and accelerate healing after third molar intervention. This review focuses on the post-operative effect of HA after third molar intervention along with its various physio-chemical, biochemical, and pharmaco-therapeutic uses.
INTRODUCTION
Hyaluronan or hyaluronic acid (HA) is a biomaterial that has proven valuable as an excellent alternative approach to accelerate wound healing [1] . HA is found in all living organisms in locations that include synovial fluid, embryonic mesenchyme, vitreous humor, skin and other many organ and tissues of the body [2] . HA interacts with growth factors and is involved in the regulation of osmotic pressure and tissue lubrication. It also interacts with many receptors that mediate cell detachment in mitosis, cell migration, tumor metastasis, and inflammation [3, 4] . HA also participates in wound healing and prevents or reduces post-operative inflammation and the associated symptoms. The extracellular matrix (ECM) behaves like a gel, which allows tissues that are enriched in glycosaminoglycan to withstand strong mechanical pressure and accommodate a high rate of substance diffusion among cells [5] . Additionally, the non-immunogenic and non-toxic characteristics of HA allow its use in a variety of medical applications [1] .
In 1997, a clinical trial explored the utility of HA's anti-inflammatory, anti-edematous, and anti-bacterial effects in the treatment of periodontal disease [6] . The ability of HA to lubricate and decrease articular wear, and its' metabolic properties that favor nutrition to avascular areas of the condylar cartilage and disk have been successfully used in traumatic, degenerative, and infl ammatory temporomandibular joints to improve function and reduce pain [7, 8] . In periodontology, the hydrating property of HA is frequently used in aesthetic treatments [9, 10] . HA has been employed in the treatment of gingivitis, recessions, and periodontal pockets, and as grafts and implants [9, 10, 11] .
The third molar intervention is the most frequent procedure in oral surgery. The procedure can diminish the patients' quality of life in the first few days after the surgical intervention because of pain, swelling, and impeded capacity to open the mouth due to inflammation.
As a consequence, daily life can be compromised. Postoperative sequelae include alveolar osteitis, nerve injury, bone fracture, and delayed healing [12] . Corticosteroids are popularly used to decrease the postoperative pain, edema, and limit inflammation following third molar intervention. However, potential side effects of perioperative corticosteroid usage include adrenal suppression, delayed wound healing, and increased susceptibility to infections [13, 14] .
HA biomaterial could be a better choice than corticosteroids for relief of the aforementioned post-operative sequelae after third molar intervention. This potential application is bolstered by the now-widespread use of HA in several other medicinal applications and the absence of contraindications, side effects, and interactions with drugs [15, 16] . Indeed, HA is now the first choice in oral and maxillofacial interventions. Prior studies and reviews have addressed the role of HA in oral and maxillofacial surgery. This literature review considers the previous study regarding the effects of HA after third molar intervention with a focus on the physiochemical and biochemical properties of HA and an evaluation of postoperative sequalae.
PREVIOUS STUDIES OF HYALURONAN/HA
In 1934, Meyer and Palmer [17] reported that a hitherto unexplored chemical substance from the vitreous body of the eyes of cows contained two sugar molecules. One of the molecules was uronic acid. The authors also obtained the material from human umbilical cord, and shortly thereafter from rooster combs in a highly purified and high molecular weight form. The study essentially solved the chemical structure of hyaluronan. In 1950, the first study of the medical application of hyaluronan for humans was as a vitreous substitution during eye intervention. In 1986, Balazs et al. [18] distinguished hyaluronan from HA since, while HA is an acid, its physiological behavior was shown to be more like that of sodium hyaluronate salt.
COMPOSITION OF HA
HA is a di-saccharide comprising D-glucuronic acid and D-N-acetyl glucosamine linked together through alternating beta-1,4 and beta-1,3 glycosidic bonds (Fig.   1 ). The di-saccharide is very stable and strong. These properties are achieved via the constituent hydroxyl groups and the negative charge they impart. HA is very water-soluble [19, 20] .
BIOLOGICAL ACTIVITY OF HA
HA functions biologically in the genesis, conservation, and resolution of inflammation [21] . It decreases prostaglandin actively responsible for inflammation and pain, and consequently improves collagen and promotes better healing and tissue repair [22] . With the presence of HA, de-polarization takes place in the inflammatory and pain processes, which alter tissue architecture and hinder metabolic exchange [23, 24] . A recent report confirmed the roles of HA as an anti-inflammatory and ECM stabilizer by means of a protein complex that is an inter-alpha-inhibitor [25] . HA is a large and flexible molecule that can occupy a considerable volume with many free spaces [5] , and is influential in regions where cell proliferation is pronounced. HA intervenes in the hydration-providing processes of growth and remodeling, and provides plastic properties to the mucosa. Enzymes that specifically degrade HA are hyaluronidases or hyaluro-glycosaminidases that are phylogenetically preserved from bacteria [26] . HA can act as a bridge for 
MECHANISM OF ACTIONS OF HA
HA perform its biological actions according to two basic mechanisms. In the first, it can act as a passive structural molecule and a signaling molecule in size-and molecular weight-dependent manners. In the second mechanism, HA modulates tissue hydration, osmotic balance, and the physical properties of ECM, which is a hydrated and stable extracellular space to maintain cells, collagen, elastin fibers, and other ECM components [28] .
The binding between HA and various proteins determines opposite actions, which include pro-infl ammatory and anti-inflammatory activities, promotion and inhibition of cell migration, and the activation and blockage of cell division and differentiation [29, 30] .
In the ECM, HA is present in the hyaluronate form.
It is also found in the lung, kidney, brain, and muscle tissues, and in locations where friction occurs, which include joints, tendons, sheaths, pleura, and pericardium [31] . The mean life span of HA is approximately 2 to 
HA MUTAGENICITY
Reproductive toxicity multigenerational studies conducted using rats and rabbits who received intra-articular injections of hyaluronate sodium at doses of HA up to 11 times the anticipated human dose have revealed no evidence of impaired fertility or harm to fetuses [35] .
HA has many important physiological and biological 
DISCUSSION
HA is part of the main CD44 receptor that is involved in cell-cell interactions. Cytokine production is regulated by CD44 receptors and HA interactions [42] . Tumor necrosis factor inducible gene 6 protein influences pro-inflammatory cytokines by a negative feedback control mechanism and is an influential cross-linking agent of HA, which stimulates an inflammatory reaction that involves leukocyte infiltration, angiogenesis, and collagen.
Concerning the medical utility of HA, several previous studies reported that HA decrease symptoms, especially postoperative pain. Das et al. [43] reported that HA can 
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• Positive impact on postoperative swelling, pain, and trismus after impacted third molar extraction, • Reduced facial swelling, pain, and trismus. Afat et al [41] 2018
Leukocyte and platelet-rich fibrin (L-PRF) with HA sponge in to third molar socket.
L-PRF alone
No application In oral and maxillofacial surgery of the third molar, HA alone was not as effective in the relief of inflammation as HA gel or spray using an HA sponge that bio-degrades slowly and releases biocompatible HA chains under a protective barrier, such as a P-LRF membrane, ensuring that an effective amount of HA remains in the socket during the first week of healing [46] . In this study the visual analog scale score did not differ significantly between the groups. Use of analgesic, patients' pain threshold, current mood and past experiences, lack of objective of pain assessment.
Prior studies on third molar surgery include Koray et al. [1] , Gocmen et al. [49] , Gokhan et al. [41] , and Bayoum et al. [37] . The 2014 study of Koray et al. [1] evaluated the efficacy of HA compared to benzydamine hydrochloride to control pain, swelling, and limited mouth opening after third molar intervention. Postoperatively, limited mouth opening and edema were significantly reduced in the HA group compared to patients who received benzydamine hydrochloride.
Gocmen et al. [49] assessed the anti-inflammatory and anti-oxidant effects of HA after third molar intervention.
HA (0.8%) displayed an anti-inflammatory effect. Surgical extraction typically requires some osteotomy and it can be assumed that all patients will experience some pain. Immediate pain relief would be beneficial. A 2015 study by Bayoumi et al. [36] reported the use of non-cross-linked HA did not decrease the incidence of dry socket formation and reduce postoperative pain. HA has been used for the healing of a variety of wounds and for pain relief without side effects. Bayoumi et al. [51] revealed that non-cross-linked HA had no effect on pain 
